In Experiment 1, the 6 h urinary excretion of lactulose transiently decreased with the antigenic soyabean product but not that of sucrose or D -mannitol. In Experiment 2, the 6 h urinary excretion of sucrose and D -mannitol averaged 1-3%, regardless of age and dietary treatment. Cr-EDTA was recovered at rates of 2 and 4% after 6 and 24 h of urinary collection, respectively. The 24 h excretion of Cr-EDTA was lower in the calves fed the antigenic flour than in the controls after 2 weeks of experimental feeding (2.9 vs 6.0%, P < 0.05) but not thereafter. This transient decrease was also observed using D -xylose with the antigenic flour and with the non-antigenic concentrate (17 and 22% respectively vs 37%, P < 0.05). The (Kilshaw and Slade, 1980 (Seegraber and Morrill, 1986) . However, its excretion in urine was also lower when the substitute contained a fish protein concentrate and, to a lesser extent, when casein was present (Seegraber and Morrill, 1986) , suggesting the possible influence of abomasal emptying and protein nature on the plasma concentration of xylose. The effect of soya antigens on xylose absorption was studied by Mir et al (1993 (Toullec et al, 1994 (Toullec et al, 1994; Lalles et al, 1995 (André et al, 1987; Travis and Menzies, 1992) , rats (Turner et al, 1988) , guinea pigs (Weaver and Coombs, 1988) , dogs (Hall and Batt, 1991 b; Quigg et al, 1993) and cats (Papasouliotis et al, 1993) . In the present study, young calves excreted disaccharides and monosaccharides in similar proportions, eg, 1-4% of the oral dose, as indicated by a disaccharide to monosaccharide excretion ratio comprised between 0.6 and 1.9. These values appear to differ from those in other species ( (Krugliak et al, 1994) ; the latter accounted for most (89%) of D -mannitol absorption in the colon. Increasing luminal osmolarity resulted in a decreased net water flux and permeability to D -mannitol (Krugliak etal, 1994) . In humans, D -mannitol excretion is higher than in the rat, possibly because of a stronger solvent drag linked with a highly hyperosmotic state of their intestinal villi (Bijlsma et al, 1993 (Hollander, 1992) .
If any of these theories are true then the calf might have 2 different types of pores or tight junctions with limited morphological or functional differences. This speculative view warrants further investigation.
The lack of sucrase activity in calves (Sissons, 1981) is unusual compared with monogastric species, including humans whose gastric, but not intestinal, permeability can be assessed using sucrose (Meddings et al, 1993) . We found the urinary excretion of sucrose and lactulose to be of the same magnitude, suggesting a similar behaviour for these disaccharides (Meddings et al, 1993) . Sucrose may therefore be suitable for gastrointestinal permeability studies in the preruminant calf. The lack of correlation between the excretion rates of these disaccharides might result from their generally low excretion, as well as reflecting day-to-day variations, as observed here for D -mannitol. Although expressing the results as excretion ratios tended to reduce individual variations in the present study, this was not usually sufficient to permit the detection of significant changes in intestinal permeability with the various dietary treatments (see below). This result is different from observations in other species (Travis and Menzies, 1992) .
The 6 h urinary excretion of Cr-EDTA in our control calves amounted to 1.7-2% of oral dose. This value is close to that found using the 51 Cr-EDTA radiomarker in rats (2.8%; Ramage et al, 1988 ) but higher than the excretion recorded in humans (0.44-0.85%; Maxton et al, 1986; André et al, 1990 ). The 24-h recovery of Cr-EDTA in urine seems to represent marker absorption in both small and large intestines (Maxton et al, 1986; Elia et al, 1987) . It is between 1.2 and 2.6% in healthy humans (Maxton et al, 1986; André et al, 1990 ) and close to 12% in dogs (Hall etal, 1989; (Haeney etal, 1978; Lim etal, 1993) , 12-16% in preruminant calves (Seegraber and Morrill, 1986; Dawson et al, 1988) and 10% in mares (Bolton et al, 1976) . The values recorded here (19-34%) were substantially higher than those found by others in calves (Seegraber and Morrill, 1986; Dawson et al, 1988 (Dawson et al, 1988; Mir et al, 1993) . Predisposed calves are known to suffer from immune-mediated gut disturbances when fed insufficiently processed soyabean products (Sissons, 1982; reviews (Kilshaw and Slade, 1980) . Absorption of D -xylose appeared to be reduced after the introduction of non-milk protein, including soya or fish protein, in milk substitutes (Seegraber and Morrill, 1986; Dawson et al, 1988) . This is known to prevent abomasal clotting and to hasten gastric emptying (Guilloteau et al, 1979) , factors which, in turn, may affect marker absorption (review by Travis and Menzies, 1992) . Villous atrophy was demonstrated in experimentally sensitized calves (Kilshaw and Slade, 1982) (André et al, 1990 ) and dogs (Hall and Batt, 1990 (André et al, 1987 (André et al, , 1990 Lobley et al, 1990; Jalonen et al, 1991; Lim et al, 1993) and animals (Bolton et al, 1976; Ramage et al, 1988; Turner etal, 1988; Hall and Batt, 1991a,b; Quigg et al, 1993) . The urinary excretion of monosaccharides is usually decreased while that of oligosaccharides or Cr-EDTA is increased (Travis and Menzies, 1992) . Thus, the oligosaccharide to monosaccharide ratio is increased. Such variations in marker excretion have been frequently ascribed (but not always, see Bjarnason et al, 1994) to intestinal villous flattening in humans and animals (Strobel et al, 1984; Quigg et al, 1993) . Finally, studies on laboratory animals indicate a correlation (Ramage et al, 1988) or a lack of correlation (Turner et al, 1988; Weaver and Coombs, 1988) between intestinal absorption of small markers and macromolecules suggesting that different mechanisms of absorption are involved (Jalonen et al, 1991 ) . Mir et al (1993) reported a significant but weakly negative relationship between plasma peak xylose concentrations and antisoya antibody titres in calves. We have also found such a relationship (r= = -0.31, P< 0.01). ).
In conclusion, various marker probes including sucrose may be used to assess intestinal permeability in the preruminant calf, although the individual markers behaved slightly differently. The (Hall and Batt, 1991 a) .
